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[57] ABSTRACT 

Shaping of automatic audio crossfade is accomplished 
by adding a shaping function to the theoretical logarith- 
mic crossfade function to decrease the rate of gain 
change at the limit of audibility. The gain change at 
each sample time within a crossfade interval is com- 
puted as a logarithmic function of the fractional part of 
the crossfade interval completed and the gain differen- 
tial between the sources. The shaping function may be 
in the form of a cosine function that can be accessed 
with a look-up table that is added to the fractional part 
of the crossfade interval so that the gain change is ex- 
pressed by: 

ti Odelta=20*\0g{(k^s(k))*MOl-O2)/\0} 

where S(k) is the shaping function, k is the fractional 
part complete and G\ — Gi is the gain differential be- 
tween sources. The gain change is added to the current 
gain for the particular audio source and applied. to a 
variable gain element fpr that source. The outputs of the 
variable gain elements are summed to produce the re- 
sulting output audio mix. 

5 Qaims,.2 Drawing Sheets 
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SHAPING OF AUTOMATIC AUDIO CROSSFADE 

BACKGROUND OF THE INVENTION 

The present invention relates to audio mixers, and 5 
more particularly to the shaping of automatic audio 
crossfades to provide a more pleasingly aesthetic sound 
as a transition is made from one audio mix to another. 

In audio production one commonly performed opera- \q 
tion is a crossfade where a controlled smooth transition 
is made between one audio mix and another. On a manu- 
ally controlled system an operator fades up a source 
being brought into the mix while fading out another 
source being removed Due to the nature of sound the 15 
sources must be mixed in such a manner that both 
sources are down 6 dB from their full on settings mid- 
way through the mix. Mixing systems have been devel- 
oped to automate this process, using addition rules for 
sound sources in the mixing algorithm. An automatic 20 
crossfade using the theoretical algorithm results in a 
transition that some listeners find too abrupt because at 
either end of the transition the level of the lower gain 
source is changing rapidly and is perceived as a cut 
rather than a fade. Human operators instinctively cor- 
rect for this abruptness at the ends of the crossfade by 
' modifying their manual motion. The perceived cut ef- 
fect is exaggerated if the automatic control system runs 
on a sampling rather than continuous basis where large 30 
gain changes cannot be produced smoothly. 

Therefore what is desired is an automatic audio cross- 
fade process that modifies the theoretical crossfade 
algorithm to produce a smooth transition that is pleas- 
ing to a listener. 35 

SUMMARY OF THE INVENTION 

Accordingly the present invention provides shaping 
for an automatic audio crossfade by modifying a theo- 
retical crossfade algorithm such that the rate of change 40 
of the level of the lower gain source at the limit of 
audibility is decreased. For theoretical crossfade the 
gain change per sample time increment is determined by 
taking the total gain change in dB, converting to a gain 
ratio and dividing by the total number of samples. This 45 
fraction of the total gain ratio is then converted back to 
dB and added to the original gain. Added to this loga- 
rithmic function is a correction to give an "S" shaping 
to the crossfade by adding another function, such as a 
cosine-based function, to the fraction completed term. 50 
The amount of the correction is determined with a table 
look-up, and results in the slope of the crossfade being 
decreased at the limit of audibility to produce an aes- 
thetically pleasing transition sound. 55 

The objects, advantages and other novel features of 
the present invention are apparent from the following 
detailed description when read in conjunction with the 
appended claims and attached drawing. 

BRIEF DESCRIPTION OF THE DRAWING 60 

FIG. 1 is a simplified block diagram view of an audio 
mixer architecture suitable for using the present inven- 
tion. 

FIG. 2 is a plan view of a control panel for an audio 63 
mixer implementing the current invention. 

FIG. 3 is a graphic view of a crossfade as modified 
according to the present invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1 an audio mixer 10 is shown 
having two audio input channels 12, 14 for receiving 
audio signals INI, IN2 from two different audio sources 
(not shown). The outputs of the audio input channels 
12, 14 are input to respective variable gain elements 16, 
18, the outputs of which are in turn input to a summer 
20. The output of the summer 20 is an audio mix output 
The audio mix between the audio sources is controlled 
either manually from a control panel 22 or automati- 
cally by a microprocessor 24. A digital interface 26 has 
analog outputs coupled to the variable gain elements 16, 
18 to provide a gain control signal to vary the gain of 
the signals input to the summer 20. The digital interface 
26 performs digital to analog and analog to digital con- 
versions as necessary to transfer information between 
the control panel 22 the microprocessor 24 and the gain 
elements 16, 18. 

As shown in FIG. 2 the control panel 22 has individ- 
ual gain control slides 30 for each audio input channel as 
well as master gain control slides 32 for each output 
audio channel. Also a crossfade slide 34 is shown to- 
gether with a crossfade enable button 36. To perform a 
manual crossfade from a program audio mix to a preset 
audio mix that is stored in a preset register of the micro- 
processor 24 during' set up, the crossfade enable button 
36 is activated and the crossfade slide 34 is moved by an 
operator from one extreme position to another. This 
causes the audio mix to change from the program mix to 
the preset mix, i.e., decreasing the value of the gain 
control signal applied to one variable gain element 16 
while increasing the value of the gain control signal 
applied to the other variable gain element 18. To per- 
form this audio mix automatically a mix button 38 is 
pushed and the audio mix occurs over a specified transi- 
tion time interval. 

For the automatic audio mix the microprocessor 24 
produces a control function that is not linear in dB 
versus time. The control function is logarithmically 
based to compensate for the non-additive mixing prop- 
erty of sound. When crossfading from one source to 
another of equal intensity the overall output level re- 
mains essentially constant To produce the log function 
the gain change in dB is converted to a voltage ratio, 
multiplied by a transition complete fraction, and con- 
verted back to dB. The equation for this calculation 
takes one of two forms, depending upon whether the 
gain change between the program mix and the preset 
mix gains is positive or negative. For the positive gain 
change case: 

G trans = Gpwg + G delta 

where: 

For the negative gain change case: 

G trans m Gprts + Gdttta 

where G delta is similar except t= t-TOTAL and 
(Gpres—Gpn^—iGprvg—Gpres)' To implement these 
basic equations the log and exponential functions may 
be accomplished with a table, with the exponential 
function being a simple look-up table and the log func- 
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tion using a binary search. Alternatively with a fast 
enough processor and/or math co-processor these basic 
equations may be equated directly. The shaping correc- 
tion is added as a term to the exponential multiplier so 
that the scalar portion of the log function of delta gain 
becomes 

k-S(k) 



10 



15 



where k=t/TOTAL or (t-TOTAL)/TOTAL. The 
function S(k) likewise may be accomplished using a 
table look-up that represents the desired shaping func- 
tion, such as a cosine function, or may be computed 
directly with a fast processor and/or math co-proces- 
sor. The computational period is a function of the sam- 
pling rate of the D/A converters of the digital interface 
26, which for television applications could be once per 
field while for film applications it might be two to four 
times that rate, so long as the incremental changes are 20 
smooth to the listener. 

The crossfade function is shown in FIG. 3 where the 
solid line represents the theoretical crossfade of the first 
set of equations without the shaping correction func- 
tion. The dotted line shows the theoretical crossfade as 25 
modified by the shaping of the present invention. The 
significant factor is that the slope of the gain changes at 
the limit of audibility, which is generally in the vicinity 
of —30 dB, is decreased so that incremental changes 
are not of such a magnitude as to give the impression of 30 
a "snap-on" or "8^^-01!" of the lower gain audio 
source. 

Thus the present invention provides shaping of the 
automatic audio crossfade by adding a shaping function 
to the theoretical crossfade logarithmic function to 35 
decrease the slope of the' crossfade function at the limit 
of audibility. 

What is claimed is: 

1. A method of automatic audio crossfading between ^ 
a first audio source and a second audio source over a 
specified time interval comprising the steps of; 
computing a gain change value for each audio source 
as a function of a fractional part of the specified 
time interval that has been completed and of a 45 
difference in gain between the audio sources for a 
current time increment within the specified time 
interval using a modified theoretical crossfade 
function that has a gain level versus time slope at a 
limit of audibility that avoids apparent snap-on or 50 
snap-off of the audio source having a lower gain 
level at the beginning and end of the specified time 
interval; 



adding the respective gain change values to current 
gains of the respective audio sources to produce 
new current gain values; 

applying the new current gain values to the respec- 
tive audio sources; 

mixing the respective audio sources to produce an 
output audio mix; and 

repeating the computing, adding, applying and mix- 
ing steps for subsequent current time increments 
until the specified time interval is completed. 

2. An apparatus for performing an automatic audio 
crossfade between audio sources comprising: 

means for receiving audio signals from a plurality of 
audio sources; 

means for mixing selected ones of the audio signals to 
produce an audio mix output signal; and 

means for controlling the mixing means so that an 
automatic crossfade from one audio source to an- 
other in the audio mix output signal follows a modi- 
fied theoretical crossfade function that has a gain 
level versus time slope at a limit of audibility that 
avoids apparent snap-on or snap-off of the audio 
source having a lower gain level. 

3. An apparatus as recited in claim 2 wherein the 
mixing means comprises: 

means for programmably attenuating each audio sig- 
nal from the receiving means to produce attenuated 
audio signals; and 

means for combining the attenuated audio signals to 
produce the audio mix output signal. 

4. An apparatus as recited in claim 3 wherein the 
controlling means comprises: 

means for computing the modified theoretical cross- 
fade function for each audio signal as a function of 
a specified time interval to complete the automatic 
audio crossfade plus a shape function and of a gain 
differential between audio signals to produce a 
separate gain control signal for each audio signal; 
and 

means for interfacing between the computing means 
and the programmably attenuating means to apply 
the separate gain control signals to the audio sig- 
nals to produce the attenuated audio signals. 

5. A method as recited in claim 1 wherein the com- 
puting step comprises the steps of: 

converting the difference in gain to a gain ratio; 

adding a shape function to the fractional part to pro- 
duce a modified fractional part; 

multiplying the gain ratio by the modified fractional 
part to produce a proportional gain ratio; and 

converting the proportional gain ratio to the gain 
change value. 

• * * * » 
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[57] ABSTRACT 

A cross fader for editing audio signals has first and 
second bus lines, each including a plurality of channel 
signal lines and first and second plural selecting and 
indicating switches, each corresponding to the signal 
line of the first and second bus lines, for selecting the 
corresponding signal line responsive to the switching 
operation and for visually indicating the selected modes 
of the signal line. A fader mixes signals from the first 
and second selecting and indicating switches for output- 
ting a mixed signal and for variably controlling the 
mixing ratio of the signal s according to the mo vement 
of an operation knob , The lirst and second. selecting and 
indicating switches are arranged s o that said first and 
s econd switches are related with one end and the oth er 
end of the movement of the operation knob, respe c- 
tively. ~ : " 

18 Claims, 3 Drawing Sheets 
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changed depending upon the vertical movement of the 

CROSS FADER FOR EDITING AUDIO SIGNALS operation knob 122. 

For example, when the channels ch2 and ch4 are in 

BACKGROUND OF THE INVENTION program and preset modes, respectively, both the se- 

The present invention relates to an audio signal edit- 5 leclin 8 and indicating switch 102 corresponding to the 

inc cross fader used for editine audio signals and the programmed channel ch2 and the selecting and mdicat- 

]j|T e ~ ing switch 114 corresponding to the preset channel ch4 

There have been conventional cross faders used in a ]i * hl - M ° vem « nt ° f 'he knob 122 to the upper end 

mixer for editing audio signals comprising a program , n " u , se j l * e aud '° Sl 8 nals of ,he channels ch2 and ch4 to 

(PGM) bus including signal lines of the audio signals of '° b . e faded °"' a " d ,n - [espectwely. At this lime, since the 

a plurality of channels and a preset (PST) bus including ?' 8 " 8 ! ° f the c * ann «' ch2 whlch has been P™Sn m ™6 

signal lines of the audio signals of a plurality of chan- 15 Redout, the channel ch2 is brought into a preset 

nels. A term "cross fader" used herein means an appara- mode - Smce s, J gnal ° f th u e cha , nn !l ? h ? wh, = h has 

tus for adjusting (fading in and out the levels of signals „ been P reset 15 faded »• ,he c c h , a " ne ' ch * ,s br ° u 8 hl ln '° 

so that, previous sound is superposed on and gradually a f ro « ram «° "p. 4). Accordingly, the 

changed to, subsequent sound before and after an edit- selecl,n6 and ,ndicat,n g sw " ch u , 102 1 which indicates a 

ing point when the audio sounds and the like are edited. P rogram mode ° f the channel c * 2 ™ % »?. ht * hlle ,he 

An audio signal before the editing point is a signal on selectmg a " d '"gating switch 112 which indicates a 

the program (PGM) bus. An audio signal after the edit- 20 ft 8 * 1 ? m ° de ° f ^ < hannel ch2 lights Simu taneously. 

ing point is the signal on the preset (PST) bus. ,he se,ect ' n e and md,ca,,ng ™?* which indicates a 

For example, as shown in FIG. 3. selecting and indi- mode ° f ' he channel . ch * a ' 5 a *&\ *' h,,e ,he 

eating swishes 101 through 106. Ill through 116 ^ectmg and ,nd. C at.ng sw,, c h 104 which indicates a 

...t, -„u ™ ii- -r i i- r program mode of the channel ch4 hehts. 

which are connected to signal lines of a plurality of c - * 

/r« t £ i, i, ui .u u u^' j Such changes in program and preset modes are not so 

channels (for example. 6 channels chl through ch6) and 25 u r 1 j • u _i 

„ ca in u* u u- rj ■ rj . c j * troublesome when, for example, video switcher is used 
a fader 121 which achieves, fade-in or fade-out. of audio , , \ , „ , . 

, . • . , . . since only one source is selected. However, channels to 

signals by moving an operation knob 122 is a direction . ^,^/u^a i i • * u i_ t 

f c /■ • i j- x . • » be switched are plural in a switcher which selects 

of an arrow S (i.e.. a vertical direction) are disposed on /^.a - -i..«r. . «f / j- i \ n 

, i r u . /* j < > n (mixes) a plurality of source (audio signals) like a mixer 

a control panel of the convennona cross fader 120. ...v „u j- • i a a- i u 

«pi ■ ... j ■ j- • i_ ,n^n which processes audio signals. Accordingly, change in 

That is. the selecting and indicating switches 101 3° ^ rtr ; t rt jL «r r u .* i i u a / *t. I 

*u u , w j 5 i i_ i positions of lighting plural switches due to the above 

through 106 are adapted to select a channe to be pro- ' . „ *L r,>5;« rt ~ Q ^ rtf - • # A U1 

, , . . .* , , * , mentioned cross fading operation is very troublesome 

grammed by turning on. that is. a channel to be faded for an or of lhc ^ Thal ^ ^ th am 

out before an editing point. The selecting and indicating and eT bu$es are rdevam - |Q so . cal]ed ^menx 

sw-itches 111 through 116 are adapted to select a chan- swilches in an usual mixer and turni on (H ^ } of 

nel to be preset by turning on. that is. a channel to be - the assignment switches change bv the cross fade * the 

faded in after the editing point. Each of selecting and cha in hions of h hti s ; vjlches are lrouble . 

indicating switches 101 through 106. Ill through 116 somCi Movemenl of the oper ation knob of the cross 

glows to indicate which channel is selected when it is fader in either direclion causes a resu |tant signal to 

turned on . As shown in FIG 4 the fad er 121 fades out become a faded . in p rogramme d signal. Therefore, the 

the audio ■signal da program iPGlCQcEannel according^ conventional cross fader is very troub ] esorne f or users 

^to a curve r orri u riG. 4^rt B^jper^^ whicH use a mixer including an usual master fader. The 

1S moved, lor example, from OTeiu^eM^ lower users who are inexperienced in operating such a cross 

enc ana laaes in tne audio signal of a preset channel fader mav mistake channe i s wh ich are in program or 

- ^n^frn^T^^ 4 when the knob 122 ^ preset modeSi resu lting in errors of operation. 

■ ^nH PVCd ' eXample " irgnT t1le iower cnd 10 the upper - " Therefore, the present invention was proposed under 
end. — — ^ c above mentioned circumstances. 

- Relerring now to FIG. 5, there is shown the sche- i t is an ob j ecl t0 pr0 vide a cross fader for editing 
matic structure of a mixer using a usual master fader audio s i gna ] s which gives, good feeling of use and may 
which performs no cross fading. In FIG. 5, audio sig- 50 re duce errors of operation, 
nals of channels chl through ch6 are supplied to input 

terminals 131 through 136, respectively. The signals are SUMMARY OF THE INVENTION 

fed to selecting and indicating switches 151 through 156 i n order to accomplish the above mentioned object, 
via buffer amplifiers 141 through 146, respectively. The the present invention provides a cross fader for editing 
switches 151 through 156 are connected with a program 55 audio signals, comprising: first ffnd second bus lines, 
bus PB, which is in turn connected with a master fader each including a plurality of channel signal lines; first 
160. Accordingly, when any one (or more) of the select- and second plural selecting and indicating switches, 
ing and indicating switches 151 through 156 is turned each corresponding to a signal line of the first and see- 
on, the signal of the channel selected by turning on is ond bus lines, for selecting the corresponding signal line 
fed to the master fader 160, at which the level of the 60 responsive to the switching operation and for visually 
signal is adjusted and the level adjusted signal is output- indicating the selected modes of the signal line; and 
ted from an output terminal 170. fader means which mixes signals from the first and see- 

In the above mentioned conventional cross fader 120, ond selecting and indicating switches for outputting a 
positions of a program bus and a preset bus which are mixed signal and for variably controlling the mixing 
turned on ar e changed by the vertical movement of th e 65 ratio of the signals according to the movement of an 
^operation knob 122 This is, the indications of the *e\ecu operation knob, said first and second selecting and indi- 
* ing and indicating switches indicating which of the eating switches being arranged so that' said first and 
channels which are programmed and preset are second switches are related with one end and the other 
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end of the movement of ihe operation knob, respec- 
tively. 

Visual indication of selected modes of the first and 
second selecting and indicating switches can be realized 
by using dual color glowing switches and the like which 
enable users to recognize the difference in selected 
modes by changing the glowing colors such as red and 
yellow. 

In accordance with the present invention, program 
and preset modes of the selected channels can be easily 
recognized since the selected modes of bus lines are 
visually indicated and ihe direction of movement of an 
operation knob of the cross fader is related with the 
position of the arrangement of the first and second se- 
lecting and indicating switches. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-1B is a schematic diagram showing the ar- 
rangement of alternate embodiments as shown respec- 
tively in FIGS. 1A and IB of an audio signal editing 20 
cross fader of the present invention; 

FIG. 2 is a circuit diagram showing the schematic 
structure of a circuit of the cross fader of the present 
embodiment; 

FIG. 3 is a schematic diagram showing the arrange- 
ment of main pans of a conventional cross fader; 

FIG. 4 is a graph for illustrating fade-in and fade-out 
operation performed by the cross fader; and 

FIG. 5 is a schematic circuit diagram showing the 
structure of a mixer using a conventional master fader. 

DESCRIJPTION OF THE PREFERRED 
EXBODIMENTS 



25 



35 



40 



Embodiments of the present invention will now be 
described with reference to the drawings. 

Referring now to FIG. 1A, there is" shown the ar- 
rangement of main components on a control panel of an 
embodiment of a cross fader 30 for editing audio signals 
of the present invention. 

The cross-fader 30 of the present embodiment shown 
in FIG. 1A comprises an A bus which is a first bus line 
and a B bus which is a second bus line, each bus includ- 
ing a plurality of (for example. 6) channel signal lines to 
which audio signals ar supplied: a plurality of A bus 
selecting and lighting switches 11 through 16 which are 45 
first selecting and indicating switches and a plurality of 
B bus selecting and lighting switches 21 through 26 
which are second selecting and indicating switches, one 
provided for each signal line of the bus lines of the A 
and B buses, for selecting one of the signal lines respon- 
sive to the switching operation and for visually indicat- 
ing the selected mode (for example, indicating one of 
different glowing colors such as red and yellow); and a 
fader 31 for mixing the signals from the A and B bus 



and B bus selecting and lighting switches 11 and 21. The 
signal of the channel ch2 is supplied to the A and B bus 
selecting and glowing switches 12 and 22. The signal of 
the channel ch6 is supplied to the A and B bus selecting 
and glowing switches 16 and 26 similarly to the forego- 
ing. The channels of the A bus may be different from 
those of the B bus. For example, the channels of the A 
bus may be channels chl through ch6 whereas the chan- 
nels of the B bus may be channels ch7 through chl2. 
Each of A and B bus selecting and glowing switches 
comprises a dual color glowing switch which is capable 
of changing the glowing colors, for example, red and 
yellow. When it glows red, it indicates a program bus 
(that the channel is in a program mode). When it glows 
yellow, it indicates a preset bus (that the channel is in a 
preset mode). Accordingly, use of each A and B select- 
ing and glowing switch in which a change in glowing 
colors makes it easy to recognize the difference in selec- 
tion modes of program and present. It is, of course, that 
the glowing colors of the dual color glowing switch are 
not limited to only red and yellow and may be the other 
colors if the difference therebetween may be clearly 
recognized. However, the glowing colors of the 
switches should be unified corresponding to the se- 
lected mode, program or preset mode. The selecting 
and glowing switch may not be a dual color glowing 
switch, but a mono color glowing switch. 

The A and B bus selecting and glowing switches 11 
through 16, 21 through 26 are arranged so that both 
30 switches have a physical ly positional relation as shown 
by a dotted line in FIG. 1A. For example, as is exem- 
plarily shown in FIG. 1A. if the fader 31 is disposed so 
that the operation knob 32 is vertically movable on the 
control panel of the cross-fader, the A bus selecting and 
glowing switches 11 through 16 are disposed in the 
upper side of the control panel so that they correspond 
to the upper end of the fader 31 while the B bus select- 
ing and glowing switches 21 through 26 are disposed in 
the lower side of the control panel so that they corre- 
spond to the lower end of the fader 31. In this fader 31, 
the audio signal of the channel in which the preset mode 
is selected by any one of the A bus selecting and glow- 
ing switches 11 through 16 is faded in and the channel 
is brought into a program mode when the operation 
knob 32 is moved to the upper end and the audio signal 
of the channel in which a preset mode is selected by any 
one of the B bus selecting and glowing switches 21 
through 26 is faded in and the channel is brought into a 
program mode when the operation knob 32 is moved to 
the lower end. 

The fader is adapted to mix the signals, each from the 
A and B bus selecting and glowing switches and to 
output the mixed signal as described above. For exam- 
ple, in the case that the channel ch2 is selected by turn- 
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selecting and glowing switches 11 through 16, 21 55 ing on the A bus selecting and glowing switch 12 and 



through 26 to output the mixed signals and for variably 
controlling the mixing ratio of the signals responsive to 
the movement of a knob 32, for example in a direction 
of an arrow S. The A bus selecting and glowing 
switches 11 through 16 are disposed so that they are 60 
related with one end to which the knob 32 of the fader 
31 is moved and the B bus selecting and lighting 
switches 21 through 26 are disposed so that they are 
related with the other end to which the knob 32 is 
moved. 

That is. the audio signals are on channels chl through 
ch6 of each of A and B buses in FIG. 1A. For example, 
the audio signal of the channel chl is supplied to the A 



the channel ch4 is selected by turning on the B bus 
selecting and glowing switch 24, the channel ch2 is in a 
program mode and the switch 12 glows in red and the 
channel ch4 is in a preset mode and the switch 24 glows 
in yellow when the operation knob 32 of the fader 31 is 
positioned at the upper end thereof. Accordingly, when 
the operation knob 32 is moved from the upper end to 
the lower end, the signal of the channel 4 is faded in and 
the signal of the channel 2 is faded out. In association 
65 with this, the A bus selecting and glowing switch 12 
changes to glow yellow indicative of a preset mode and 
the B bus selecting and glowing switch 24 changes to 
glow red indicative of a program mode. 
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The cross fader of the present embodiment comprises 
A and B bus selecting and glowing switches 11 through 
16. 21 through 26 which visually indicate the selected 
modes in. for example, red and yellow and a fader 31 
which mixes the signals from the A and B bus selecting 5 
and glowing switches and variably controls the mixing 
ratio responsive of the movement of the operation knob 
32. The A and B bus selecting and glowing switches and 
-the direction of the movement of the operation knob 32 
of the fader 31 have a physically positional relation as 10 
described above. Accordingly, it can be easily recog- 
nized which mode the channels selected by the A and B 
bus selecting and glowing switches are in. Since the 
selected modes can be easily recognized in such a man- 
ner, the feeling of use is so excellent that even an inexpe- 15 
rienced operator can reduce errors in operation. 

Referring now to FIG. 2, there is shown a schematic 
circuit structure of the cross fader 30 of the present 
embodiment. In FIG. 2, the audio signals of the chan- 
nels chl through ch6 are supplied to input terminals 41 20 
through 46, respectively. These signals are fed to the A 
and B bus selecting and glowing switches 11 through 
16. 21 through 26 via buffer amplifiers 61 through 66. 
The A bus selecting and glowing switches 11 through 
16 are connected with an A bus. The B bus selecting and 25 
glowing switches 21 through 26 are connected with a B 
bus. The A and B buses are connected with the fader 31. 
The fader 31 comprises level adjusters 31a and 316 
which are inversely interlocked with each other and are 
connected with the A and B buses, respectively and a 30 
mixer 31c for mixing the A bus signal with the B bus 
signal. Since the level adjuster 31o is inversely inter- 
locked with the level adjuster 31b, the level adjuster 316 
raises the level of the signal when the level adjuster 31o 
lowers the level of the signal. Accordingly; when any 35 
one (or more) of the each of selecting and glowing 
switches are turned on, the audio signals of the channels 
selected by the turning on are fed to the fader 31 and the 
levels of the signals are adjusted and the signals are 
mixed with each other and the mixed signal is outputted 40 
from an output terminal 50. This makes it possible to use 
the A and B bus as a program bus of a mixer using a 
usual master fader. Accordingly, the cross fader of the 
present embodiment may be used as a master fader. 

Another embodiment of the present invention in 45 
which the audio signals of the channels of the A bus are 
different from those of channels of the B bus is possible, 
as shown in FIG. IB. In this case, the channels chl 
through ch6 may be connected with the A bus whereas 
the channels ch7 through chl2 may be connected with 50 
the B bus. For example, the signals of the channels chl 
through ch6 are supplied to the A bus selecting and 
glowing switches 11 through 16 whereas the signals of 
the channels ch7 through chl2 are supplied to the B bus 
selecting and glowing switches 21 through 26. In this 55 
embodiment of FIG. IB, each of the A and B bus select- 
ing and glowing switches also comprises a dual color 
glowing switch as is similar to the former embodiment 
of FIG. 1A and is adapted to glow red and yellow 
indicative of program and present modes, respectively. 60 
Accordingly, use of the A and B bus selecting and 
glowing switches which change the glowing colors 
makes it possible for operation to easily recognize the 
difference in selected modes, program or preset modes. 

Also in the present FIG. IB embodiment, the A and 65 
B bus selecting and glowing switches 11 through 16, 21 
through 26 and the fader 31 are disposed so that they 
have a physically positional relation with each other as 
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is similar to the foregoing. For example, the A bus se- 
lecting and glowing switches are disposed on the upper 
side s*o that they correspond to the upper end of the 
fader 31. The B selecting and glowing switches are 
disposed on the lower side so that they correspond to 
the lower end of the fader 31. 

Also in the fader of the present embodiment, when 
the operation knob 32 is moved to the upper end, the 
signal of the channel selected by one of the A bus select- 
ing and glowing switches 11 through 16 is faded in. 
When the operation knob is moved to the lower end, 
the signal of the channel selected by one of the B bus 
selecting and glowing switches 21 through 26 is faded 
in. Accordingly, for example, in the case that the chan- 
nel ch2 is selected by turning on the A bus selecting and 
glowing switch 12 and the channel chlO is selected by 
turning on the B bus selecting and glowing switch 24, 
when the operation knob 32 is positioned at the upper 
end, the A bus selecting and glowing switch 12 glows 
red and the channel ch2 is brought into a program 
mode, and the B bus selecting and glowing switch 24 
glows yellow and the channel chlO is brought into a 
present mode. When the operation knob 32 is moved to 
the lower end at this time, the signal of the channel chlO 
is faded in and the A bus selecting and glowing switch 
12 changes to glow yellow indicative of a preset mode 
and the signal of the channel ch2 is faded out and the B 
bus selecting and glowing switch 24 changes to glow 
red indicative of a program mode. 

As is apparent from the foregoing, it is appreciated 
that which mode, program or preset mode the channel 
selected by the A or B bus selecting and glowing switch 
is in is easily recognized also in the cross fader of the 
present embodiment as mentioned above. Since the 
selected mode is easily recognized, the feeling of use is 
excellent and even in experienced operator can reduce 
errors in operation. 

While preferred embodiments has been described, it 
is to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 

We claim: 

1. A cross fader for editing audio signals, comprising: 

first and second bus lines, each including a plurality 
of channel signal lines: 

first and second plural selecting and indicating 
switches, each respectively corresponding to a 
respective signal line of the first and second bus 
lines, for selecting the corresponding signal line 
responsive to a switching operation and for visu- 
ally indicating at a surface of a control console a 
selected mode of the signal lines; and 

fader means for mixing signals from selected first and 
second selecting and indicating switches, when 
switched, for outputting a mixed signal and for 
variably controlling the mixing ratio of the respec- 
tive selected signals according to the movement of 
an operation knob operable from a surface of said 
console, wherein said first and second selecting and 
indicating switches are arranged so that said first 
and second switches are respectively physically 
related on a surface of the console to one end and 
to the other end of the movement of the operation 
knob of said fader means, respectively: 

wherein said first and second selecting and indicating 
switches comprise dual color glowing switches 
which change the glowing colors depending upon 
a selected mode thereof. 
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2. A cross fader for editing audio signals as defined in 
claim 1 in which the glowing colors are red and yellow. 

3. A cross fader for editing audio as defined in claim 
1 in which the selected mode includes a program mode 

in which the signal is to be faded out and a preset mode 5 
in which the signal is to be faded in. 

4. A cross fader for editing audio signals as defined in 
claim 1 in which the channels of the first bus are differ- 
ent from the channels of the second bus. 

5. A cross fader for editing audio signals, comprising: 10 
first and second bus lines, each including a plurality 

of channel signal lines; 

first and second plural selecting and indicating 
switches, each respectively corresponding to a 
respective signal line of the first and second bus 15 
lines, for selecting the corresponding signal line 
responsive to a switching operation and for visu- 
ally indicating at a surface of a control console a 
selected mode of the signal lines; and 

fader means for mixing signals from selected first and 20 
second selecting and indicating switches, when 
switched, for outputting a mixed signal and for 
variably controlling the mixing ratio of the respec- 
tive selected signals according to the movement of 
an operation knob operable from a surface of said 25 
console, wherein said first and second selecting and 
indicating switches are arranged so that said first 
and second switches are respectively physically 
related on a surface of the console to one end and 
to the other end of the movement of the operation 30 
knob of said fader means, respectively: 

wherein said first and second selecting and indicating 
switches are arranged in at least two lines in a 
parallel relationship with each other and said fader 
knob travels adjacent and transverse to said paral- 35 
lei lines. 

6. A cross fader for editing audio signals, comprising: 
a first bus line which includes a first plurality of chan- 
nel signal lines; 

a second bus line which includes a second plurality of 40 
channel signal lines: 

first switch means, including a first plurality of select- 
ing and indicating switches respectively connected 
to said first bus line, each of said first plurality of 
switches corresponding to a selected one of said 45 
first plurality of channel signal lines, for selecting a 
corresponding signal line from said first plurality of 
channel signal lines responsive to a switching oper- 
ation and for visually indicating at a surface of a 
control console a selected mode of the selected one 50 
of the first plurality of signal lines; 

second switch means, including a second plurality of 
selecting and indicating switches respectively con- 
nected to said second bus line, each of said second 
plurality of switches corresponding to a selected 55 
one of said second plurality of channel signal lines, 
for selecting a corresponding signal line from said 
second plurality of channel signal lines responsive 
to a switching operation and for visually indicating 
at said surface of said control console a selected 60 
mode of the selected one of the second plurality of 
signal lines; 

fader means for mixing signal from the selected first 
and second channel signal lines via said first and 
second plurality of selecting and indicating 65 
switches for outputting a mixed signal representa- 
tive thereof and for variably controlling the mixing 
ratio of the signals from the selected first and sec- 



ond channels, said fader means including an opera- 
tion knob movable between a first position and a 
second position at said surface of said console; 

said first and second selecting and indicating switches 
being physically arranged so that said first plurality 
of switches is physically positionally related to said 
first position and said second plurality of switches 
is physically positionally related to said second 
position of said operation knob; 

wherein said first and second selecting and indicating 
switches comprise dual color glowing switches 
which change their glowing colors depending 
upon a selected mode thereof. 

7. The cross fader as set forth in claim 6 wherein said 
first position of said operation knob indicates a first 
mode for a selected signal from said first plurality of 
channel signal lines and a second mode for a selected 
signal from said second plurality of channel signal lines, 
and said second position of said operation knob indi- 
cates a second mode for said selected signal from said 
first plurality of channel signal lines and a first mode for 
a selected signal from said second plurality of channel 
signal lines. 

8. The cross fader as set forth in claim 6 wherein a 
selected mode includes a program mode in which the 
selected signal is to be faced in and a present mode in 
which the signal is to be faded out. 

9. The cross fader as set forth in claim 7 where said 
first mode is a program mode and said second mode is a 
preset mode. 

10. The cross fader as set forth in claim 7 wherein said 
first and said second selecting and indicating switches 
comprise dual color glowing switches which change 
their glowing colors depending upon whether a first or 
a second mode is selected. 

11. The cross fader as set forth in claim 6 wherein the 
signals on said first plurality of channel signal lines are 
the same as the signals on said second plurality of chan- 
nel signal lines. 

12. The cross fader as set forth in claim 6 wherein the 
signals on said first plurality of channel signal lines are 
different from the signals on said second plurality of 
channel signal lines. 

13. The cross fader as set forth in claim 6 wherein the 
first mode is a faded-in mode and said second mode is a 
faded-out mode. 

14. A cross fader for editing audio signals, compris- 
ing; 

a first bus line which includes a first plurality of chan- 
nel signal lines; 

a second bus line which includes a second plurality of 
channel signal lines; 

first switch means, including a first plurality of select- 
ing and indicating switches respectively connected 
to said first bus line, each of said first plurality of 
switches corresponding to a selected one of said 
first plurality of channel signal lines, for selecting a 
corresponding signal line from said first plurality of 
channel signal lines responsive to a switching oper- 
ation and for visually indicating at a surface of a 
control console a selected mode of the selected one 
of the first plurality of signal lines; 

second switch means,- including a second plurality of 
selecting and indicating switches respectively con- 
nected to said second bus line, each of said second 
plurality of switches corresponding to a selected 
one of said second plurality of channel signal lines, 
for selecting a corresponding signal line from said 
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second plurality of channel signal lines responsive 
loa switching operation and for visually indicating 
at said surface of said control console a selected 
mode of the selected one of the second plurality of 
signal lines; 5 

fader means for mixing signal from the selected first 
and second channel signal lines via said first and 
second plurality of selecting and indicating 
switches for outputting a mixed signal representa- 
tive thereof and for variably controlling the mixing 10 
ratio of the signals from the selected first and sec- 
ond channels, said fader, means including an opera- 
tion knob movable between a first position and a 
second position at said surface of said console;. 

said first and second selecting and indicating switches 15 
being physically arranged so that said first plurality 
of switches is physically positionally related to said 
first position and said second plurality of switches 
is physically positionally related to said second 
position of said operation knob; and 20 

further including a control panel, wherein said first 
plurality and said second plurality of said selecting 
and indicating switches are respectively arrayed on 
said control panel in first and second generally 
parallel lines and said operation knob travels adja- 25 
cent and transverse to said parallel lines. 

15. The cross fader as set forth in claim 14 wherein 
said first and said second positions for said operation 
knob are arrayed on said control panel at respective 
ends of said first and said second lines, so that said oper- 30 
ation knob also physically indicates the selected mode 
for each line and approximately the mixing ratio of said 
signals. 

16. The cross fader as set forth in claim 15 wherein 
said first and said second parallel lines of said switches 35 
are about horizontal while a path for movement of said 
operation knob between said first and said second posi- 
tions is approximately vertical. 

17. The cross fader as set forth in claim 6 wherein said 
fader includes a first level adjuster connected to receive 40 



801 

10 

selected signals from said first plurality of channel sig- 
nal lines and a second level adjuster connected to re- 
ceive selected signals from said second plurality of 
channel signal lines, said first and said second level 
adjusters being inversely interlocked with said opera- 
tion knob so that when said first level adjuster raises the 
level of the selected signal from the first plurality of 
channel signal lines, the second level adjuster lowers 
the level of the selected signal from the second plurality 
of channel signal lines. 

18. A cross fader for editing audio signals, compris- 
ing: 

a control panel; 

a first plurality of selecting and indicating switches 
arrayed in a first row on said control panel for 
selecting a corresponding signal line of a first plu- 
rality of signal lines on a first bus line and visually 
indicating the selected mode of the selected first 
signal line; 

a second plurality of selecting and indicating switches 
arrayed in a second row on said control panel for 
selecting a corresponding signal line of a second 
plurality of signal lines on a second bus line and 
visually indicating the selected mode of the se- 
lected second signal line, said first and second rows 
being located about parallel and about horizontal 
on said control panel; and 
a fader having an operation knob movable between a 
first position at about the end of the first row and a 
second position at about the end of the second row 
for mixing signals from selected first and second 
selecting and indicating switches, said first position 
indicating a first selected mode and said second 
position indicating a second selected mode wherein 
said first and second selecting and indicating 
switches comprise dual color growing switches 
which change the glowing colors depending upon 
a selecting mode thereof. 

****** 
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[57] ABSTRACT 

An extremely thin shutter is moved into and out of the 
space between closely-spaced ends of a pair of axiaily 
and angularly aligned optic fibers to prevent n r " Vti fr- 
lish transmission of light between the fibers. I n one 
cmt>odlment a cantilever shutter is rotated betwee n twty 
posijions. In another embodiment a taut band-like'sriu^ 
ter having an aperture is translated betwe en two posi- 
tions. ■ — 

12 Claims, 14 Drawing Figures 
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port the disc can cause axial and angular alignments 

FIBER OPTIC SWITCHING METHOD AND which also cause loss. Another object of the present 

APPARATUS WITH FLEXIBLE SHUTTER invention is to provide improved light switching 

method and apparatus for switching light between two 

This application is a continuation-in-part of my prior 5 stationary fiber ends wherein only a single light inter- 

copending Application Ser. No. 126,178 filed Mar. 3, face exists between the fiber ends during the "on" con- 

1980 and now abandoned. This invention relates to fiber dition. 

optic switches, i.e. devices for selectively allowing and In accordance with one form of the present inven- 
interrupting passage of light between a pair of ends of tion, an opaque shutter formed from very thin sheet 

two optic fibers. 10 material is arranged to swing between two alternate 

OBJECTS OF THE INVENTION positions, in one of which a portion of the shutter lies 

between the two fiber ends, preventing passage of light, 

It is desirable in most applications that a fiber optic and in the other of which no portion of the shutter lies 
switch pass light out an end of one fiber into an end of between the two fiber ends, so that light may pass from 

another fiber with minimum light loss when the switch 15 the input fiber to the output fiber. Forming the shutter 

is in its conducting condition, or "on", and further de- of extremely thin opaque sheet material allows the two 

sirable that passage of light be interrupted or prevented fiber ends to be mounted with a very small separation 

as completely as possible when the switch is in its non- between them, which is extremely important in order to 
conducting condition, or "ofP. One general object of minimize light loss, but it makes the shutter very flexi- 

the invention is to provide light switching method and 20 ble, potentially making it extremely difficult to insert 

apparatus having both low loss during the "on" condi- and remove a shutter portion from a space between the 

tion and low leakage during the "off" condition. two fiber ends without having the shutter either abrade 

Various switches have been proposed wherein the end face of a fiber or jam against a fiber instead of 
switching of light is done by physically moving the end entering between the two fiber ends. In .accordance 
of one fiber relative to the stationary end of the other 25 with a further feature of one embodiment of the inven- 
fiber, flexing the first fiber to the extent necessary. To tion, the fiber ends are fixed in a block which is pro- 
operate with low loss in their "on" condition, such vided with a track or slot in which nortions of the flexi, 
switches must incorporate very precise mechanisms ble shutter mav slide and_be guided to avoid havin g th e 
which can faithfully and repeatedly re-position the shutter strike either fiber end. 

movable fiber end relative to the fixed fiber end with 30 Another object of the invention is 1 to provide light- 
very small axial and angular mis-alignments. Providing switching apparatus which is simple and economical to 
such mechanisms presents difficulties: If fixed stops are construct, and capable of long use. 
provided to determine movement of the movable fiber Other objects of the invention will in part be obvious 
end, such stops must be cut with great precision, and the and will in part appear hereinafter. 
^f of s "ch ^ st0 P s after long usage tends to increase 35 The invention accordingly comprises the features of 
^lightlbss. If adjustable siops are used instead, manufac- construction, combination of elements, and arrange- 
""turing tolerances need not be as critical, but adjustment ment of parts, which will be exemplified in the con- 
tends to be tedious and time-consuming, and it undesir- struction hereinafter set forth, and the scope of the 
ably requires the use of laboratory equipment. Wear of invention will be indicated in the claims, 
adjustable stops also tends to cause light loss. One ob- 40 For a fuller understanding of the nature and objects 
ject of the present invention is to overcome such prob- of the invention reference should be had to the follow- 
lems which occur by moving a fiber end to accomplish ing detailed description taken in connection with the 
switching. Thus one object of the present invention is to accompanying drawings, in which: 
provide improved method and apparatus for switching FIG. 1 is a diagram useful in understanding some 
light between two fiber ends wherein both fiber ends 45 basic principles of the invention, 
are held stationary. Another object of the invention is to FIGS. 2a, 2b and 2c are top, side elevation and end 
provide light switching apparatus in which light loss views of an exemplary shutter-rotating mechanism used 
during the "on" condition is not dependent upon any with one embodiment of the invention, 
mechanism moving to an extremely precise position, so FIGS. 3a and 3b are top and side elevation views of 
that any of a wide variety of known switch-actuator 50 a mounting block portion of the same embodiment of 
mechanisms having limited positioning precision may the invention. 

bC ^ ed w ' FIGS ' ^ * b and 40 are top ' side eIevati <>n. and cross- 

The broad principle of having both fiber ends station- section views of a shutter cavity portion of the same 

ary is not per se new, and a light switching device hav- embodiment of the invention. 

ing that feature is shown in U.S. Pat. No, 4,023,887 55 FIG. 5 is an exploded isometric view illustrating how 

(Speers). In the device suggested by Speers light con- the apparatus of FIGS. 2a-2c t 3a, 3b and 4o-4c may be 

duction from the input fiber to the output fiber is estab- assembled, and FIG. Sa is a side view of the assembled 

hshed by rotating a disc carrying a short section of apparatus. 

light-transmissive fiber, to interpose the short section in FIG. 6 is a greatly enlarged view of portions of the 

between the input fiber end and the output fiber end. 60 shutter cavity showing a pair of conventional fiber optic 

while such an arrangement may be useful for some connections installed therein. 

applications, it tends to be unsatisfactory if very low FIG. 7 is a side elevation view of one alternative 

loss is required, principally because two light interfaces embodiment of the invention. 

are required. Losses occur as light exits from the input FIG. la is a section view taken at lines 7o— la in FIG. 

fiber end into the short section, and further losses occur 65 7. 

as light passes from the short section into the output Referring to FIG. 1 a pair of cylindrical optical fibers 

fiber end. Further small losses can occur within the 1, 2 which may be plastic or glass are shown fixedly 

short section. Wear or play in the bearings which sup- located relative to each other with a small separation 
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distance U between their ends. The fibers are assumed to cut that ihe plun^ci knix will be applied to ,.-ne s.dr or 
be axiallv and angularly aligned with each other Light another of pin 24, causing rotation ot" the shuner-imfum 
exits from the end of fiber I in a cone-shaped pattern and shutter membrane about the axis of pin 24, until an 
having a spread dependent upon the numerical aperture upper edge of the shutter mount strikes stop tab portion 
of the fibers. As distance d is increased, decreasing 5 gig of leg 2U q r stop tab portion P^J^JXf. Thus 
amounts of the conical pattern of light are intercepted movement of actuating arm 25 in either direction 
by fiber 2, causing greater light loss during the "on" through the centered condition shown snaps the shutter 
condition when shutter S is not interposed between the from one predetermined angular or pivotal position to 
ends of ^the fibers. Thus for minimum light loss during another predetermined angular or pivotal position. The 
the "on" condition the fiber ends should be very close 10 actuating arm will be rotated by the spring force until 
together, ideally touching each other. However, unless cylinder 26 strikes one edge or another of opening 21r. 
an appreciable separation exists between the fiber ends. It is to be clearly understood that the particular shutter 
there is not enough room to insert shutterS between the pivoting mechanism shown in FIGS. 2a-2c is cxem- 
fiber ends in order to prevent light transmission when plary only. A wide variety of mechanisms are known 
thai is desired. In numerous applications it is desirable I? for pivoting electrical switch blades between two ungu- 
to use optical fibers of quite small diameters, such as lar positions, and many of them can be modified to 
diameters of 2 mils to 56 mils (0.0508 mm. to 1/422 similarly pivot a thin shutter without the exercise of 
mm.), for example. The smaller the diameter of the invention. 

fibers, the greater the light loss which results from a The shutter 22 comprises steel sheet of 1 mil (0,0254 
given separation distance d. In accordance with the 20 mm.) thickness, and having that thickness it tends to be 
invention, a very small separation distance (e.g. 3 mils somewhat flexible. It is showiTmounted in cantilever 
or 0.076 mm.) is provided between the fiber ends to fashion, i.e. gripped only along one edge, 
minimize light loss during the "on" condition, and a In FIGS. 3a and 36 a mounting block is shown as 
very thin opaque shutter is moved in and out of the comprising a rectangular block 32 preferably formed of 
space between the fiber ends. The shutter preferably 25 aluminum, having a central, rectangular hole or 
comprises a piece- of steel sheet having a thickness of through-passage 32a. A pair of threaded holes 33a. 33a 
about 1 mil (0.0254 mm,), though brass or beryllium allow block .32 to be affixed to a standard electrical 
copper sheet could instead" be used. Metal sheet is pre- switch plate (not shown). A pair of threaded holes 33*. 
ferred because of Us resistance to wear. Metal sheet 336 allow frame 21 of the shutter-pivoting assembly to 
having such a thickness tends to be quite flexible, poten- 30 be affixed to block 32 via holes 2\d t 2\d (FIG. 2a). A 
tially making it quite difficult mechanically to insert and pair of holes 33c. 33c receive pins (not shown in FIGS, 
remove a piece of such sheet into and from the space 3a, 36) which serve to locate a switch cavity block on 
between fiber ends having such a small separation with- mounting block 32. 

out having the sheet either abrade a polished fiber end The switch cavity block 34 is shown in FIGS. 4a, 4a 
or jam against the side of a fiber. In a form of the inven- 35 and 4c as a generally-rectangular block, also preferably 
tion illustrated in FIGS. 2-6 , a track is provided to formed of aluminum, having an upper rectangular re- 
guide a thm cantilever-mounteq-snutter as it is rotated , cess 34a. Holes 34a. 34a in block 34 receive pins (not 
ri and -°i Ul 01 tnC y? aCC betwecn the flber cnds » andthe shown) which also seat in holes 33c, 33c (FIG. 36), so 
-fiber ends are sngmiy recessed from the space in which ~ that recess 34a of block 34 registers with the similar size 
the track allows the shutter to move, preventing the 40 opening 32a through mounting block 32. A first cylin- 
flexible shutter from engaging either fiber end. In an- drical threaded bore 35 extending partway through 
other embodiment, though the thin shutter is itself flexi- block 35 is concentric with and communicates with a 
ble, opposite edges of the shutter are gripped to hold it larger unthreaded cylindrical bore 36 which extends the 
taut as it is moved to insert or remove an aperture in the rest of the way through block 34. Bore 36 has a diame- 
shutter from the space between the fiber ends. 45 ter such that it intersects rectangular recess 34a. A con- 

In FIGS. 2a, 26 and 2c one exemplary shutter pivot- ventional fiber optic connector 40 (FIG. 6) is threaded 
mg mechanism is shown as comprising a frame 21 hav- into bore 35 and cemented in place, and another con- 
ing upper plate portions 21a and 216, an opening 2Xc ventional connector 41 is installed in a bore 36 using a 
and two mounting holes 21a*. 21d, and a pair of side legs cylindrical bushing 37 (FIG. 6) in a manner to be de- 
21e, 21/ dtpendlngjr om the upp er plate portions to 50 scribed. As is evident from FIGS. 5 and 5a. the shutter 
form a gene rally ■ U-sh aped iramerl lii Ujui Ineinuidne pivoting mechanism is lowered to seat atop mounting 
shutter 22 is sand wicHeT between and cemented to a block 32, with the thin shutter 22 being lowered 
pair of blocks 23, 23 to form a shutter mount. Pin 24 through opening 32 to reside within switch cavity block 
rotatably passes through holes through blocks 23, 23 34. The shutter 22 is again shown in an unstable cen- 
and the shutter, and the ends of pin 24 are secured in 55 tered condition in FIG. 5a. It will be understood that in 
respective holes in legs 21<? and 21/ Actuating arm 25 one stable position the shutter completely covers the 
comprises a hollow cylinder 26 which is pivotally fiber optical axis (shown at x in FIG. 5a), and that in its 
mounted between side legs 2U 21/on stub shafts 27, 28. other stable position it does not. 
Cylinder 26 slidably carries a plunger 30, and a coil FIG. 6 is an enlarged view looking down into recess 
spring (not shown) inside cylinder 26 urges the rounded 60 34a of block 34, with a cylindrical bushing 37 shown 
end of plunger 30 against the top surface of the shutter cemented in bore 36. Bushing 37 has a threaded central 
mount. A set screw 31 in the upper end of cylinder 26 bore 37a in which a conventional optic fiber connector 
allows the spring pressure on plunger 30 to be adjusted. 41 is threaded and cemented. A narrow gap space 38 
The mechanism is shown in FIGS. 2a, 26 and 2c in an approximately 2 mils (0.051 mm.) in width shown 
unstable centered position in which the force exerted on 65 greatly exaggerated in FIG. 5 exists between one side of 
the shutter mount is directed precisely toward the axis bushing 37 and the end of bore 36, providing a track 
of pin 24. If the actuating arm is pivoted in one direction along which thin membrane shutter 22 may move. The 
or another from that centered position, it will be appar- path along which shutter 22 moves is shown by dashed 
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line S' in FIG. 6. The left (in FIG. 6) edge or face of same manner as was described above in connection with 

bushing 37 is spaced 2 mils (0.051 mm.) from the end of FIG. 6. 

bore 36 by temporarily placing 2 mil shim stock (not While metal sheet is presently preferred as shutter 

shown) between those parts while the cement which material, it is believed that various plastic sheets may be 

affixes the bushing in bore 36 hardens. A cylindrical rod 5 substituted to provide equivalent operation. 

(not shown) is also extended through the two connec- w ^ tnus be seen lnat tne objects set forth above* 

tors while the cement hardens, to insure that the con- among those made apparent from the preceding de- 

nectors will eventually be aligned axially and angularly. scription, are efficiently attained, and since certain 

If gap 38 has a width of 2 mils (0.051 mm.) and shutter chan S es ™y be made in the above constructions with- 

22 has a thickness of 1 mil (0.0254 mm.), it will be appar- 10 out de P artm 6 , from the scope of the invention, it is in- 

ent that shutter 22 theoretically could pivot within the lended l * at a11 ma [! er contamed . in the ab <> ve descrip- 

gap with a half-mil (0.013 mm.) clearance on each side, V?" ° r f^T < he f^P 8 "* 1 ?* d ' awin * s shal1 be 

if *h» cfe„t*«r v„„™ .L^nti , nL ^-it interpreted as illustrative and not in a limiting sense. 

JnlLS nf ■ tVT ^ , Fl ^ The embodiments of the invention in which an exclu- 

portions of the shutter slide against the end of bore 36 I5 sive rt or privil js claime(3 are defmed M 

and the face of bushing 37, but those surfaces greatly follows: 

limit the axial positions which any portions of the shut- im Apparat us for selectively establishing and prevent- 

ter may take. In order to prevent any portion of the i ng light transmission between first and second optical 

shutter from rubbing on a fiber end, each fiber optic fibers, comprising, in combination: a support member 

connector is arranged to locate the end of its respective 20 having first and second recesses adapted to receive 

fiber a very small distance (e.g. 0.0005 inch, or 0.013 respective optic fiber connectors to fixedly space the 

mm.) from an edge of the gap. Thus if gap 38 has an ends of said fibers in axial and angular alignment with 

axial width of 2 mils (0.05 1 mm.), the polished ends of each other and with an air space between the ends of 

the two fibers may be an axial distance of 3 mils (0.076 said fibers; an opaque flexible planar shutter having a 

mm;) from each other. In FIG. 6 the polished fiber ends 25 thickness less than the width of said air space; means for 

are shown located distances di and d2, respectively, moving said shutter between a first position in which a 

from the gap 38 of width d 0 . Using such a fiber end portion of said shutter completely intersects said air 

separation, with fibers 5 mils (0.127 mm.) in diameter a s P ace betwe en the ends of said fibers to prevent light 

light loss of about 6 db; was achieved, and with fibers 56 transmission between said ends and a second position in 

mils (1.42 mm.) in diameter, a loss of about 0. 1 db. was 30 which no P ortion of said shutter is interposed in said air 

obtained, Even if shutter 22 comprises such a thin steel space; an ? mean l s for constrainin S movement of said 

sheet and is therefore flexible, it can move back and P 0rt ! 0n of Sa,d shutt f t0 / P lane substantially perpen- 

forth in the track without striking the end of either d ^ Ia / ^ the axes of said fibers, 

optical fiber, the bottom edge of bore 36 and the face of „ / ^PP^tus according to claim 1 wherein the width 

n j r *u r . .. 35 of said space is less then the diameter of said optic fibers, 

bushing 37 spaced slightly therefrom acting as guide 3> A p paratus according t0 claim 1 wherein said means 

surfaces against which the shutter may slide. for constraining movement comprises a pair of surfaces 

While the shutter moving mechanism has been shown on ^ support member limiting axial movement of said 

as comprising a toggle-type, manually operated device flexible planar shutter. 

which rotates a shutter, it is within the scope of the 40 4. Apparatus according to claim 1 wherein said shut- 
invention to provide switches wherein shutter motion is ter comprises a thin piece of metal sheet 
momentary rather than toggled, switches wherein shut- 5. Apparatus according to claim 1 wherein said means 
ter motion is provided by electrically, as by means of for moving comprises means for pivoting said shutter 
electromagnetic actuators, and switches in which a thin about a predetermined axis parallel to the axes of said 
shutter is translated rather than rotated. 45 ends of said fibers. 

In another embodiment of light switch illustrated in <>. Apparatus according to claim 1 wherein said means 
FIGS. 7 and 7a, an extremely thin opaque shutter com- for moving comprises means for t ranslating_s aid shutter, 
prises a strip or band of metal sheet 50 held at its oppo- 7 - Apparatus according to claim 1 wherein said shut- 
site ends by legs of a U-shaped member 51 which main- ter c o m P rises a thin piece of sheet attached at one edge 
tains the band taut. The band is generally opaque but 50 t0 said means for m ° vin g- 

includes a hole 50a. A ferromagnetic piece 52 affixed to 8 ' A PP aratu s according to claim 1 wherein said shut- 

the U-shaped member is pulled upwardly against the ler com P nses a thin P iece of flexible sheet and said 

force of compression spring 53 when an electromagnet a PP aratus comprises means - engaging opposite sides of 

Mis energized, locating the aperture in band 50 concen- „ said piece of sheet to maintain said piece taut. . 

trie with a pair of fiber ends, the axes of which are 55 J'^T? "*? £ \ ™ 1 wn^V** 

shown at x in FIG. la. Upon de-energization of the ^5"/*^ H T i"^ ?^ ^ m 
A i~t mmB i~*t ,u til V i j i_ j 10 - Apparatus according to claim 1 wherein said 
r^ P H Trh ■ T mCm ^ r t T 3 K ba * d are means for moving comprises a manually-operable mem- 
returned to the position shown, so that the band pre- ber Wc t0 toggle said shutter between said first 
vents transmission of light between the fiber ends. A tab ^ and second potion* 

55 on frame 56 guides upward and downward move- n , Apparatus according to claim 1 wherein said 

ment of the U-shaped element. The band 50 rides in a mea ns for moving comprises an electromagnet. 

thin slot 57 between a pair of block members 58, 59 \ 2 . Apparatus according to claim 3 wherein said 

earned on frame 56. Block member 58 includes a block member spaces apart said optic fiber connectors 

threaded opening 58a, and block member 59 includes an 65 at a distance such that said surfaces are in between said 

unthreaded bore 59a. A pair of fiber optic connectors ends of said fibers. 

(not shown) are mounted in bores 58a apd 59a in the * * * * * . 
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